The microhardness behavior of binary blends comprising a star block and a triblock copolymer, both consisting of polystyrene (PB) and polybutadiene (PB), was investigated over a wide composition range. In particular, a correlation between the microhardness H, the yield stress a y and the Young's modulus Ε was examined. The hardness was found to correlate with the mechanical parameters obtained by uniaxial tensile testing as follows: H/a y ~ 2 and Ε/Η ~ 30. In agreement with the studies performed in case of the pure microphase separated block copolymers, the microhardness behavior was found to be strongly dependent on the morphology of the blends. The glass transition temperature of the hard phase (T g . PS ) is shown to remain nearly constant in the blends with lower LN4 content. The glass transition temperature of the soft phase (T g . PB ), which varies with blend composition, is not related to the microhardness variation in the blends.
INTRODUCTION
For many practical applications of polymers, toughness is a relevant property. In brittle polymers, toughness can be enhanced by incorporation of a small amount of rubber, which forms the dispersed phase embedded into the brittle polymer matrix l\,2l. Due to the intrinsic incompatibility between several polymer pairs, there is a possibility of deterioration of the mechanical properties resulting from poor adhesion. One can overcome such a problem by the introduction of phase compatibilizers or graft polymerization.
However, the resulting polymer may be opaque due to the relatively large size of dispersed particles.
For the application of plastics as packaging films for fresh meats and vegetables, making toys and cups for beverages, a combination of both toughness and transparency is desirable. Hence, classical impact modified thermoplastics, which are opaque due to large particle size, do not fulfill some of the demands of the polymer market. Blending of the microphase separated block copolymers, one being a thermoplastic and the other one an
elastomer, may open a new way of toughness modification based on nanostructured heterogeneous polymers /3/. Lamellar styrene/butadiene block copolymers are one example of heterophase polymers that show a tough behavior under slow tensile loading conditions /4/. These polymers are found, however, to be brittle under impact loading. One prefers to have polymers that behave as tough materials under tensile as well as impact loading conditions. As shown in a previous study, binary block copolymer blends may provide a new route to develop tough nanostructured polymeric materials /3/.
Polymer blends have been the subject of preceding microhardness studies 15,61. It is known that the microhardness of the miscible polymer blends is correlated to the glass transition temperature of the mixture. In semicrystalline polymers with rubber phase inclusion, the hardness is influenced by the degree of crystallinity and crystal thickness. In general, the microhardness of incompatible polymer blends may be tuned by changing the composition. So far, a systematic study of structure-microhardness correlation in the nanostructured block copolymers, and in particular their blends, is not available.
In a preceding study /7/, we explored the influence of molecular architecture on the microhardness behavior of styrene/butadiene block copolymers. It was found that morphology of the block copolymers is the most important factor with respect to the microhardness behavior. The aim of the present study is to report on the microhardness-morphology correlation in binary block copolymer blends. In particular, the correlation between the microhardness H, the yield stress o y and the Young's modulus Ε will be discussed. As far as we know, this is the first study concerning the structuremicrohardness correlations in styrene/butadiene block copolymer blends.
EXPERIMENTAL

Materials
The architecture of the block copolymers, both based on styrene and butadiene, used to prepare the binary blends studied in the present investigation is schematically illustrated in Fig. 1 Table 1 ). The linear block copolymer comprises styrene-co-butadiene random (PS/PB) copolymer as the soft phase.
Styrene as a hard outer block is in 32-vol % while the middle statistical block contains about 50% styrene, the total content being 65%. The star block copolymer has four asymmetric arms in average. A pure polybutadiene block having a tapered composition profile to the center styrene block forms the soft rubbery phase in the star block copolymer.
Details on the morphology, phase behavior and macroscopic mechanical properties can be found in other preceding publications /8,9/. The synthesis of these block copolymers has been discussed by Knoll and Nießner /10/.
After mixing the materials in an extruder, the tensile bars were prepared by injection molding (mass temperature 250°C and mold temperature 45°C).
The blends contain 20, 40, 60 and 80 wt.-% of LN4-S65.
Techniques
Tensile testing was performed using a universal tensile machine (Zwick 1425) at room temperature (23°C) at a crosshead speed of 50 mm/min according to ISO 527. At least 10 samples were tested in each case. The Young's modulus (E) and yield stress (a y ) were derived from the evaluation of the initial slope and from the first maximum of the corresponding stressstrain curves. Table 1 Characteristics of the blend components. Transmission electron microscopy (200 kV TEM, Jeol) was used to examine the morphology of the blends. Ultrathin sections of the samples (ca.
50 nm thin) were ultramicrotomed from a bulk specimen. Polybutadiene phase was selectively stained with osmium tetroxide (0s0 4 ) vapor.
Microindentation hardness experiments were performed using a Leitz microhardness tester in combination with a square-based diamond indenter.
To minimize the creep of the sample under the indenter, an indentation time of 6 seconds was used. The microhardness technique is based on the measurement of the residual impression made by a sharp indenter upon application of a given load. The microhardness, H, is defined as /5/:
where Ρ is the applied load in N, d the diagonal of the impression in m, and k a geometric factor equal to 1.854. The Η values were calculated from an average of at least 10 indentations.
RESULTS AND DISCUSSION
Phase Behavior and Morphology
TEM images in Fig. 2 illustrate the representative phase morphology of the binary blends including the pure block copolymers. All the samples are microphase separated and consist of glassy (light) and rubbery (dark)
components. The pure star block copolymer ST2-S74 possesses a lamellar morphology with alternating layers of polystyrene (PS) and polybutadiene (PB). The morphology shows a well ordered arrangement of the nanostructure with a lamellar periodicity of about 40 nm (Fig. 2 top, left) . On the other hand, the linear block copolymer LN4-S65 reveals dispersed PS domains in the matrix of the middle block consisting of styrene-co-butadiene (PS/PB) random copolymer (see Fig. 2 bottom, right ).
An addition of 20 wt.-% LN4 leads to a transition from the well ordered lamellar arrangement to a disordered morphology, which seems to comprise the hard PS domains in a matrix of dark rubbery phase. This is an indication of a transition in mechanical and micromechanical behavior. With increasing of the soft phase (T g . PB ) with increasing LN4 content, (see Table 2 ). In contrast, the glass transition temperature (T g ) of the hard phase in the blends with lower LN4 content does not show any significant change. However, the lower glass transition temperatures of the polystyrene (PS) phase in pure LN4 and the blends with higher LN4 content suggests that the hard phase in these compositions does not constitute polystyrene blocks alone.
If one measures the glass transition temperature of the soft phase in both single components (ST2 and LN4), one may derive the T g value for the butadiene phase (T g . PB ) in the mixtures using Fox's equation (see Table 2 ):
The In amorphous polymers, the microhardness behavior was found to be linearly correlated with the glass transition temperature T g /5,6,12-14/. The T g value of the soft phase in the present case is always well below the test temperature (i.e., the room temperature, 23°C); i.e. the soft phase may be regarded as being at the liquid-like state. Therefore, it does not affect the measured Η values. Therefore, there is no correlation between the soft phase glass transition temperature and the microhardness of the polymer blends discussed in the present study (see Table 2 ).
Structure-Microhardness Correlation
The microhardness values (H) of the pure block copolymers and the studied blends are collected in Table 2 . In a preceding study 111, we concluded that the microhardness behavior of the microphase separated block copolymers cannot be predicted by their relative composition. The Η values measured for the block copolymers with modified architectures were significantly smaller than the values expected from the additivity law. The steep decrease in the microhardness at 0 LN4 = 20 wt.-% correlates well with a transition of the microphase separated morphology from well ordered lamellae to the disordered PS domains dispersed in the rubbery matrix (Fig. 2) . This is in support of the concept that the microhardness behavior of the microphase-separated systems is mainly dictated by the morphology 111. The steep variation for the Η value at 0 LN4 = 20 wt.-% additionally suggests that the effective volume fraction of the hard phase in the blends drastically decreases for this composition.
With increasing amount of LN4, the number of butadiene-rich molecules increases facilitating the mixing of the butadiene-rich stars from the star block copolymer ST2. Such a kind of phase mixing, which is caused by the molecular reorganization, could decrease the effective volume fraction of the PS as hard phase thereby leading to a decrease of the microhardness. The volume fraction of polybutadiene of the starting blend components ST2 and LN4 is 26% and 35%, respectively (see Table 2 
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